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Coupling a feedback signal from a feedback node
of a bias circuit, comprising a bias connection and
a bias transistor, via a first impedance element
for a control terminal of the bias transistor

130

Coupling the feedback signal from the feedback
node of the bias circuit via a first impedance
element to a control terminal of the DIas
transistor

130

Bypassing the first and the second impedance element,
by coupling the control terminal of the bias transistor
to the bias connection via a bypass-coupling path
so that a bypass feedback path is formed from the
hias connection to the feedback node

FIG 9
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BIAS CIRCUIT WITH A FEEDBACK PATH
AND A METHOD FOR PROVIDING A
BIASING SIGNAL

BACKGROUND

A bias circuit can be used for adjusting the operating point
of an amplifier. Such a bias circuit can be formed as a current
mirror circuit, for example, which biases the control terminal
of an amplifier transistor. For a low noise amplifier, for
example, 1t 1s desirable to reduce the noise from a bias circuit
in order to ensure a high-quality performance of the low noise
amplifier (LNA) with respect to important parameters or
device parameters, e.g., the linearity of the amplifier, the
compression point (P14B) or the intermodulation point (IP3).
The linearity of an amplifier, the compression point and the
intermodulation point are determined among others by the
bias current of an amplifier transistor and the way how the
bias circuit, which delivers the bias current, 1s implemented.
Such low noise amplifiers can, for example, be used 1n global
positioning systems (GPS), wireless or mobile phone appli-
cations and 1n automotive applications of the bias circuait.

Conventionally, the noise of the bias circuit, for example,
the noise of a current mirror transistor of the bias circuit, 1s

blocked by a high-ohmic impedance.

SUMMARY OF THE INVENTION

Some embodiments according to the mvention relate to a
bias circuit. Some embodiments relate to a bias circuit with a

teedback path for a low noise amplifier and to a method for
providing a biasing signal.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schematic diagram of a bias circuit with a
teedback path according to an embodiment of the invention;

FI1G. 2 shows a schematic diagram of a bias circuit accord-
ing to an embodiment of the invention;

FIG. 3 shows a schematic diagram of a low noise amplifier

comprising a bias circuit with a feedback path according to
another embodiment of the invention;

FI1G. 4 shows a diagram representation of the mput imped-
ance for different bias circuitry in dependence of the fre-
quency of an 1nput signal;

FIG. 5 shows a schematic diagram of an amplifier with a
pair of cascode transistors coupled to a bias circuit with a
teedback path, according to an embodiment of the invention;

FIG. 6 shows a table, which compares important amplifier
parameters of amplifiers with a modified bias circuit compris-
ing a feedback path according to an embodiment of the inven-
tion and with a bias circuit without a feedback path;

FIG. 7 shows a graphical representation of measured
curves on amplifiers comprising the compression behavior
and the current consumption of modified bias circuit with

teedback path and an amplifier with a bias circuit without a
teedback path;

FIGS. 8a to 84 show diagrams representing, the real part,
the imaginary part and the phase of the input impedance of the
bias circuit depending on varying resistance values for resis-
tors used 1n the bias circuit; and

FIG. 9 shows a flow chart of a method for providing a
biasing signal at a bias connection of a bias circuit according,
to an embodiment of the invention.
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DETAILED DESCRIPTION OF ILLUSTRATITV.
EMBODIMENTS

(L]

With reference to FIGS. 1 to 9, embodiments are depicted,
which relate to a bias circuit with a feedback path for provid-
ing a biasing signal at a bias connection, to an amplifier and to
a method for providing a biasing signal at a bias connection of
a bias circuit.

In FIG. 1, a schematic diagram of a bias circuit according,
to an embodiment of the invention 1s shown. The bias circuit
10 for providing a biasing signal at a bias connection 12
comprises a bias transistor T1 and a feedback node 14. The
teedback node 14 1s coupled to a control terminal 16a of the
bias transistor T1 via a first impedance element Rb1. In this
embodiment, the feedback node 14 1s furthermore coupled to
the bias connection 12 via a second impedance element Rb2.
The control terminal 16a of the bias transistor T1 1s coupled
to the bias connection 12 via a bypass-coupling path 18,
which bypasses the first impedance element Rb1l and the
second impedance element Rb2 such that there 1s a feedback
path, via the bypass-coupling path 18 and via the bias tran-
sistor T1, from the bias connection 12 to the teedback node
14. The bias circuit 10 may be connected to a reference
potential feed 15 and to a supply potential feed 19. A current
source 54 may supply the required current for the bias circuit
10. The bypass-coupling path 18 may comprise a feedback
impedance element Ri, which may, for example, be of the
same type as the first impedance element Rb1 and the second
impedance element Rb2. For example, the feedback imped-
ance element RI may be a resistor with a certain resistance
value.

The bias circuit shown i FIG. 1 comprises a bypass-
coupling path 18 with a feedback impedance element R, so
that a coupling via the feedback path to the feedback node 14
1s stronger for a low frequency signal, which 1s applied at the
bias connection 12 than for a high frequency signal, which
may be applied at the bias connection 12. The feedback path
may extend via the bypass-coupling path 18, the bias transis-
tor T1 and the connection 13, wherein the connection 13
couples a terminal of the controllable conductive path of the
bias transistor 11 to the feedback node 14.

The mput impedance of the bias circuit 10 viewed from the
bias connection 12 can be reduced compared to a bias circuit
without the bypassing coupling path 18, for a DC signal or a

low frequency signal, which may be coupled to the bias
connection 12.

The mput impedance of the bias circuit 1s reduced by the
feedback 1n the feedback path for low frequency signals
applied at the bias connection 12. A low frequency input
signal coupled to the bias connection 12 1s coupled via the
bypass-coupling path 18, which 1s comprising the feedback
impedance element Ri, to the control terminal 164a of the bias
transistor T1. As a consequence, a current in the controllable
path of the transistor T1 1s increased 1n response to a positive
voltage change at the bias connection 12. Consequently a
potential at the feedback node 14 1s decreased, so that for low
frequencies, the input impedance viewed from the bias con-
nection 1s reduced. For lhigh frequency mput signals, which
may be coupled to the bias connection 12, the (parasitic)
capacitance of the bias transistor T1, for example, the base

collector capacitance of the bias transistor 11, acts as akind of
low pass, so that a potential at the feedback node 14 1s almost
unchanged by the high frequency iput signal. As a conse-
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quence, the mput impedance of the bias circuit for the high
frequency signal 1s approximately given by the second
impedance element Rb2.

The bias transistor T1 can be a bipolar junction transistor
(BJT), for example. The bias transistor can be an npn-bipolar
transistor or a pnp-bipolar transistor, for example.

In some embodiments of the invention, the feedback path
may optionally be configured such that an input impedance of
the bias circuit 10, viewed from the bias connection, 1s at least
by a factor of two higher at a desired frequency-of-operation
range than 1n a frequency range lower than the desired fre-
quency-of-operation range.

The bias circuit 10 may optionally be configured such that
the input impedance of the bias circuit, viewed from the bias
connection 12, differs from an impedance value of the second
impedance element Rb2 by less than about 30% 1n the desired
frequency-of-operation range, and such that the imnput imped-
ance 1s at least about 50% lower than the impedance value of
the second impedance element for a frequency lower than the
desired {frequency-of-operation range. The desired fre-
quency-of-operation may be given by the operating fre-
quency range of an amplifier biased by the bias circuit 10.

In some embodiments of the invention, the first impedance
clement Rb1 and the second impedance element Rb2, as well
as the feedback impedance element R11n the bypass-coupling
path 18 may optionally be formed as a resistor. The imped-
ance value of the feedback impedance element Ri may, for
example, be at least twice the impedance value of the second
impedance element Rb2. The impedance value of the first
impedance element may, for example, be at least about 1.5
times higher than the impedance value of the second 1imped-
ance element Rb2.

The feedback 1n the feedback path may, for example, result
in a reduction of the mput impedance of the bias circuit for
low frequencies, wherein the high-impedance or high-resis-
tance blocking behavior in a desired frequency of operation
range may be almost not reduced. This reduction of the input
impedance of the bias circuit, viewed from the bias connec-
tion, results 1 an improved compression behavior and an
improved intermodulation behavior of an amplifier, which
may be biased by the bias circuit 10 according to an embodi-
ment of the mvention.

The feedback path from bias connection 12 to the feedback
node 14 can be formed, such that the control terminal 16a of
the bias transistor T1 1s coupled to the bias connection 12 via
the bypass-coupling path 18. For a given frequency below a
desired frequency-of-operation range, a voltage signal at the
teedback node 14, which 1s caused by a voltage signal at the
bias connection 12, may be opposite 1in phase to the voltage
signal at the bias connection 12. In other words, the feedback
in the feedback path can be a negative feedback for a given
frequency below the desired frequency-otf-operation range of
the bias circuit.

The bias circuit may, 1n a frequency selective way, be
configured to provide a negative feedback signal to the feed-
back node 14 1n response to a signal at the bias connection 12
in order to reduce, for a given frequency range, an elffective
impedance of the second impedance element. In order to
achieve such a frequency selective negative feedback, the bias
circuit 10 may comprise a low pass element, which can, for
example, be formed by the bias transistor T1 and the inherent
base-collector capacitance. It 1s also, optionally possible that
the bias circuit comprises a capacitive element, coupled in
parallel to the controllable conductive path of the bias tran-
sistor T1, to obtain a low pass characteristic of the feedback
path. Depending on the capacitance value of the capacitive
clement, such a low pass characteristic of the feedback path
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4

can be tuned, so that the mput impedance of the bias circuit
can be reduced 1n a frequency range below the desired ire-
quency-ol-operation range.

The feedback path of the bias circuit may also comprise a
low pass filter configured to determine a boundary frequency
or a cut-oif frequency for reducing the input impedance of the
bias circuit for frequencies below a desired operating ire-
quency range.

In FIG. 2, another embodiment of the invention 1s depicted.
In this embodiment, the bias circuit 10 provides a biasing
signal at a bias connection 12. The bias circuit 10 comprises
a bias transistor T1 and a feedback node 14. Furthermore, the
bias circuit comprises a first impedance element Rb1 and a
second impedance element Rb2, wherein the feedback node
14 1s coupled, via the first impedance element Rbl, to a
control terminal 16a of the bias transistor T1 and, via the
second impedance element Rb2, to the bias connection 12.
The control terminal 16a of the bias transistor 1s furthermore
coupled to the bias connection 12 via a bypass-coupling path
18, wherein the bypass-coupling path comprises a feedback
impedance element RI. The bypass-coupling path bypasses
the first impedance element Rb1 and the second impedance
clement Rb2, such that there 1s a feedback path via the bypass-
coupling path 18 and via the bias transistor T1 from the bias
connection 12 to the feedback node 14. In this embodiment,
the bias circuit comprises a support transistor T3, for
example, a bipolar transistor. The controllable conductive
path of the support transistor T3 1s connected to the feedback
node 14, and the control terminal 304 of the support transistor
13 1s connected to a terminal of the controllable conductive
path of the bias transistor T1. The support transistor T3 1s
configured to contribute to a coupling between the bias con-
nection 12 and the feedback node 14. As 1t 1s shown 1n FIG. 2,
a constant current source 54 may be connected, via anode 33,
to the control terminal of the support transistor T3 and to a
terminal of the controllable conductive path of the bias tran-
sistor T1, for example to a collector terminal 165 of the
transistor T1. The second terminal 16¢ of the controllable
conductive path of the bias transistor T1, for example, the
emitter-terminal 1s coupled to a reference potential feed 15.
The reference potential feed 15 may be a ground potential.
The current source 54 and the second terminal of the control-
lable conductive path of the support transistor T3, for
example, the collector-terminal of the support transistor T3,
may be coupled to a supply potential feed 19.

The support transistor T3 can be configured to contribute to
a coupling between the bias connection and the feedback
node. That means, for example, that the input impedance of
the bias circuit, viewed from the bias connection 12, can be
strongly reduced for a given frequency below the desired
frequency-of-operation range by the operation of the support
transistor T3. The support transistor 13 may act as an emitter-
tollower to provide a low impedance at the feedback node 14.

In FIG. 3, an amplifier 40 1s shown, which 1s biased using
a bias circuit 10 according to another embodiment of the
invention. The amplifier 40 may be monolithically integrated
on one chip. The amplifier 40 may comprise an amplifier unit
or gain umt 42, a constant current source 54 Iconst and a bias
circuit 10 for providing a biasing signal at a bias connection
12. The amplifier 40 may be configured, for example, to
amplily a high frequency (HF) signal or radio frequency (RF)
signal, which may be provided, for example, by an antenna, or
the like, at a high frequency input terminal RFIN. The ampli-
fied high frequency signal can be forwarded via a load match-
ing circuit 33 to an output terminal RFOUT of the amplifier.
The amplifier unit 42 may comprise an amplifier transistor
12, wherein a control terminal 44a, for example, a base ter-
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minal of the amplifier transistor T2 1s connected to the bias
connection 12 of the bias circuit 10. This means that the
amplifier transistor 12 1s biased using the bias circuit 10. The
bias circuit 10 may be formed as described in context to the
description of FIGS. 1 and 2. Accordingly the bias circuit ma
comprise a bias transistor T1, a first impedance element Rb1
and a second impedance element Rb2. A feedback node 14 of
the bias circuit 1s coupled to the bias connection 12 via a
teedback path. The feedback path extends via the support
transistor T3, the bias transistor T1 and the bypass-coupling,
path 18, which 1s comprising the feedback impedance ele-
ment Ri. Both the bias connection 12 and an input terminal
RFIN of the amplifier may be coupled to an input node of the
amplifying unit 42. The input node may be the control termi-
nal 44a of the amplifier transistor T2. Thus, the bias circuit 10
provides a bias signal to the input node of the amplifying unit
to bias the amplifying unit. The bias signal 1s combined with
an amplifier mput signal obtained from the mnput terminal
RFIN. In the above described configuration the amplifier
input signal to be amplified 1s fed to the bias connection.

According to an embodiment of the invention, an effective
input impedance of the amplifier for a signal to be amplified
1s determined both by the mput impedance of the bias circuit
and by the mput impedance of the amplitying umt 42. The
amplifying umt 42 1s configured to provide an amplified
output signal based on an input signal applied to the RFIN
input terminal. The signal, which 1s applied to the mput ter-
minal RFIN, may be the signal to be amplified. The signal to
be amplified may comprise a frequency in a desired 1ire-
quency-of-operation range.

The bias circuit 10 may be configured to set a certain
operating point for the amplifier transistor 12. The bias circuit
10 may furthermore be configured to stabilize the operating
point of the amplifier transistor. In some cases, the bias circuit
10 may cause an improved compression behavior and an
improved intermodulation behavior compared to conven-
tional low noise amplifiers, without feedback path.

In the embodiment depicted in FIG. 3, a dependence of the
base-emitter voltage VBE2 of the amplifier transistor T2 from
the resistor Rb2 1s reduced by means of the feedback 1n the
teedback path with the resistor R1. A high-resistance blocking
or high-impedance blocking of high frequency input signals
comprising a desired frequency-of-operation 1s hardly
reduced or not reduced significantly.

The dependence of the base emitter-voltage VBE2 from the
second 1impedance element Rb2 can be described by the for-
mula (1):

( Iﬂﬂﬂsf.ﬁ'(ﬁ-l_l) ) Rf . (1)
VBE2 =V, -l 5 i |- RO g A2
1+N2+AEE‘JQ]
\ N1~ ibl )

For this formula 1t 1s assumed that all transistors comprise
the same current amplification [ and the same saturation
current I, 1n order to simplity the analysis. A change of the
base current of the transistor T2, because of an excursion 1s
represented i formula (1) with A1b2. The currents 1b2 and 1b1
represent the current flow through the respective resistors
Rb1 and Rb2. The current of the current mirror circuit for the
currents 1bl and 1b2 can be described by the relation

1b1-N2=1b2-N1. The relation of the resistors Rb1l and Rb2
satisfies the formula Rb2-N2=Rb1-N1. V, corresponds to
kT/q. For a desired operation frequency, a certain input
impedance of the low noise amplifier 1s desired 1n order to
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block the noise of the transistor T1. Therefore, a resistance
value of the resistor Rb2 should not be chosen as small as
desired. As 1t can be seen from formula (1), the dependence of
the base emitter voltage VBE2 of the amplifier transistor 12
from the resistor Rb2 can be reduced by means of the feed-
back using the feedback impedance element R1. As a conse-
quence, an improved compression behavior of the amplifier
40, e.g., the low noise amplifier 40, can be achieved 1n some
cases. In other words, the bypass feedback path comprising
the impedance element Rf may comprise the effect to coun-
teract a reduction of the base-emitter voltage of the amplifier
transistor 12 1n the presence of a strong radio frequency (RF)
input signal at the terminal RFIN.

The VBE2 dependence from the resistor Rb2 for an ampli-
fier without the bypass-coupling path can be analytically
described with the following formula (2):

( Iﬂﬂnsf.ﬁ.(ﬁ-l_ 1) ) (2)

NL-I¢-(B-(B+ 1)+
N2 Asz]
J

YT

VBE2 =V, -In — Rb2 - Aib2

Furthermore, the intermodulation behavior of the amplifier
40 may be improved 1n some cases, as the following consid-
crations will reveal. For the intermodulation behavior a
source impedance Zs, for example, the input impedance (for
example, at the input node) at a frequency £n-11+m-12 may be
important, wherein n and m are between 1 . . . N and wherein
1 and 12 may be designated to two frequencies of two signals.
A first input signal of the amplifier 40 may comprise a ire-
quency 11, which may be heterodyned by a second signal with
a frequency 12, so that distortions caused by an intermodula-
tion of the two signals may occur at the output of the amplifier
40. This can occur, since the amplifier may comprise, at a
certain frequency, a non-linear characteristic. Therefore,
mixed products of the two frequencies may occur in the
amplification range of the amplifier. The mntermodulation
behavior of a certain order depends on the integer numbers n
and m. For the third order intercept point (IP3), the source
impedance Zs at a frequency |1-12| 1s an important criterion.
The difference frequency [11-12] 1s often about 1 MHz. In
order to keep the source impedance at a frequency [T1-12| as
low as possible, a low frequency sink may be used 1n a
matching network.

The 1input impedance for a bias circuit without the bypass-
coupling path can be described for low frequencies by the
following formula (3):

Zin=Rb2 for << (3)

The bias circuit with the bypass-coupling path, which 1s
depicted 1n FIG. 3, comprises a frequency-dependent 1mput
impedance. For a low frequency signal, the input impedance
Z1n can be approximately described using the following for-

mula (4):

Rb2 - Rf (4)

~ Rbl + RD2 + Rf

Zin for f<<

According to embodiments of the invention, the nput
impedance Zin for low frequencies can be reduced compared
to the input impedance of the conventional bias circuit, which
1s described by the formula (3), by the bypass-coupling path
comprising the feedback impedance element R{.
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FI1G. 4 shows a diagram representing simulation results for
the input impedance of bias circuits. The diagram comprises
four curves, wherein curve 510 belongs to a bias circuit with-
out feedback path, wherein a curve 520 belongs to a modified
bias circuit with feedback path, wherein a curve 530 belongs
to a bias circuit without a feedback path and without an
emitter follower support transistor T3 and wherein curve 540
belongs to a modified bias circuit without the emitter follower
T3. On the logarithmic abscissa the frequency 1n MHz 1s
depicted. A magnitude of the input impedance |Zinl of the
bias circuit 1s assigned to the Y-axis. The simulation results
shown in FIG. 4 have been achieved with the Infineon
B7HFM technology. The resistance values of the first imped-
ance element Rb1, the second impedance element Rb2 and
the feedback impedance element R1 are: Rb1=42 k{2, Rb2=3
k€2 and R1=13 k€2 (curves 520, 540 only). The simulation
clearly reveals the above-described reduction of the put
impedance of the bias circuit with feedback, 1llustrated by the
curves 540 and 520. The reduction of the mput impedance
|Zin| for low frequencies results in an improvement of the
third order intercept point (IP3) on the input side compared to
the smaller reduction of the input impedance by means of
only the two resistors Rb1, Rb2 as in a bias circuit without the
teedback path. A similar result may be achieved using a low
frequency sink. The small reduction of the input impedance
tor the modified bias circuit with the emitter follower and for
the modified bias circuit without the emitter follower, for
higher frequencies can optionally be counteracted or avoided
by an increase of the resistance values of the resistors Rb1 and
Rb2. The boundary frequency or the cut-oif frequency for the
reduction of the mput impedance caused by the feedback in
the feedback path depends, among others, on the base-collec-
tor capacitance of the current mirror transistor T1 (see FIG.
3). By means of a capacitive element, this boundary fre-
quency or cut-oif frequency can be shifted to lower frequen-
cies. That means that the bias circuit can optionally comprise
a capacitive element 75 (see FI1G. 5) coupled 1n parallel to the
controllable conductive path of the bias transistor T'1 to obtain
a low pass characteristic of the feedback path, such that the
boundary frequency for reducing the input impedance of the
bias circuit below a desired operating frequency 1s given. For
example, by forming a low pass element using a capacitive
clement, which 1s coupled 1n parallel to the conductive con-
trollable path of the mirror transistor 11, a certain boundary
frequency or cut-off frequency can be achieved. It the bound-
ary frequency 1s shifted to the frequency range of [11-121, the
input 1impedance Zin(I11-121) increases and the achieved
improvement in terms of the intermodulation behavior may
be reduced.

The frequency dependent behavior of the input impedance
of the bias circuit according to an embodiment of the mven-
tion can also be observed 11 the support transistor T3, which
contributes to the amplification, for example, of the current
mirror and of the feedback path from the bias connection to
the feedback node, 1s missing in the bias circuit. However, the
observed eflect of an mput impedance reduction 1s, in this
case, less than with the support transistor T3, as can be seen 1n
FIG. 4 (compare curve 340 and curve 520).

According to some embodiments of the invention, the bias
circuit with the bias transistor T1 can optionally be configured
to form a current mirror together with the amplifier transistor
12, which may be connected to the bias connection.

In some embodiments the bias circuit with the feedback
path may be configured so that the input impedance differs
from an impedance value of the second impedance element
by less than about 30% at a desired frequency-of-operation
range, and such that the input impedance 1s at least about 50%

10

15

20

25

30

35

40

45

50

55

60

65

8

lower than the impedance value of the second impedance
clement, at a frequency range lower than the desired ire-
quency-ol-operation range.

FIG. 5 shows a schematic diagram of an amplifier 40 with
an amplifier unit 42 and a bias circuit 10, according to another
embodiment of the invention. The amplifier 40 comprises an
input signal terminal RFIN and an output terminal RFOUT. In
this embodiment, the amplifying umt 42 comprises a pair of
transistors 12 and T4, which are coupled 1n a cascode con-
figuration, wherein the bias circuit 10 1s configured to bias the
control terminal of the amplifier transistor T2. One terminal
ol the amplifier transistor 12, for example, an emitter terminal
of the amplifier transistor 12, 1s coupled to the reference
potential feed 15 via an inductor 72. The amplifier transistor
12 1s coupled, via the cascode transistor T4 and an output
stage 74, to the output terminal RFOUT of the amplifier. The
output stage 74 may be coupled to the supply potential feed 19
and may be configured to provide an output matching. The
diode 77 1n series with the resistor 76 may also be coupled to
the supply potential feed 19 and may be configured to provide
a bias signal for adjusting the operation point of the transistor
T14.

The bias circuit 10 may comprise a bias transistor T1,
wherein the control terminal 16a of the bias transistor 1s
coupled, via a bypass-coupling path 18 comprising a feed-
back impedance element R1, to the bias connection 12, which
1s connected to the control terminal of the amplifier transistor
12. The RFIN input and the bias connection are both coupled
to the control terminal of the amplifier transistor T2. Accord-
ingly a portion of the RF mnput signal from the RFIN connec-
tion of the amplifier may be coupled into the bias circuit,
while the rest of the RF input signal may be coupled to the
amplifier transistor T2. The capacitive element 75 may be
connected 1n parallel to the two terminals of the controllable
conductive path of the bias transistor T1. The amplifier 40
comprises a support transistor 13, which 1s coupled to the bias
transistor T1 and the feedback node 14 in order to amplity the
coupling or to contribute to the coupling from the bias con-
nection to the feedback node. The feedback node 14 1s
coupled to the control terminal of the bias transistor via the
first impedance element Rb1 and 1s coupled to the bias con-
nection 12 via the second impedance element Rb2. In this
embodiment the first impedance element, the second 1mped-
ance element and the feedback impedance element are resis-
tors. The amplifier 14 may further comprise a constant current
source 54. The constant current source can be connected to
the control terminal of the support transistor T3 and to a
controllable-conductive path terminal, for example, the col-
lector terminal, of the bias transistor T1. The bias circuit 10
may be configured to adjust or regulate the potential at the
teedback node, so that a dominant portion, for example, at
least about 90%, of the current delivered by the current source
54 tlows through the controllable conductive path of the bias
transistor T1. Thus, the potential at the feedback node 1s
adjusted 1n response to the current provided by the current
source.

It should be noted here that the current source 34 may be
replaced by an adjustable current source 1n some embodi-
ments, for example, to adjust an amplification.

An effect of the modified bias circuit according to embodi-
ments of the mvention is the fact that the impedance for the
desired frequency-of-operation range of the amplifier can be
relatively high, for example, larger than 1 k&2 or almost
unchanged, when compared to a bias circuit without feed-
back. The impedance for lower frequencies, for example, for
a frequency [11-12/, for example, of the order of 1 MHz can be
brought to a relatively low value, for example, smaller than 1
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k€2 or reduced, when compared to a bias circuit without
feedback. Therefore, the intermodulation behavior, for
example, the IP3, can be improved without a significant wors-
cning of the noise figure or the S21-parameter of the ampli-
fier. The compression behavior depends on the DC-bias
impedance. The smaller the DC-bias impedance, the less 1t
counteracts with the mput impedance of the bias circuit and
the amplification of the low noise amplifier. Therefore, the
compression point 1s increased. If a high input level 1s applied
at the low noise amplifier transistor 12, the base current of the
amplifier transistor 1s increased. The bias circuit 10 can sup-
ply this additional base current. As a consequence, an addi-
tional voltage drop 1n dependence of the bias circuit imped-
ance may occur, such that the voltage between the base and
the emitter VBE2 of the amplifier transistor T2 depends on the
bias impedance.

In this embodiment, the mput of the amplifying unit 42
may be formed by a control terminal of an amplifying tran-
sistor T2. The control terminal of the amplifying transistor
can be coupled to the bias transistor 11, such that a current
mirror 1s formed. The current mirror may counteract a reduc-
tion of the voltage at the control terminal of the amplifying,
transistor T2 using the bypass-coupling path 18.

FIG. 6 shows a table of important performance parameters
of the amplifier 40 described with reference to FIG. 5 and of
an amplifier comparable to the amplifier 40 depicted 1n FIG.
5, but without the feedback path. The table 1n FIG. 6 shows a
comparison of the collector current or ICC current 1n units of
mA, the S21-forward transmission parameter, the S11-1nput
reflection parameter and the S22-output reflection parameter
in units of dB. Moreover the noise figure (NF) 1n units of dB
1s shown, and the difference (AIIP3) of the third order inter-
cept point between the bias circuit without a feedback path
and the bias circuit with a feedback path 1n units of dBm and
the difference (AP1dB) of the compression point between the
bias circuit without a feedback path and the bias circuit with
a feedback path in units of dBm, are shown. The measure-
ments were taken for mput signals with a frequency of 2140
MHz coupled to the input terminal RFIN of the amplifier. The
desired frequency of-operation for the mput signal applied to
the amplifier 1s 1n this embodiment 2140 MHz. In some
embodiments the compression point P1dB and the third order
intermodulation point IIP3 are improved for the circuit with
the modified biasing scheme according to embodiments of
the mvention compared to the bias circuit without the bypass-
coupling path.

The compression point P1dB illustrates the value of an
input amplitude for which the amplitude of the output signal
at a Tundamental frequency differs by about 1 dB from the
idealized linear extrapolation graph of the amplifier. In other
words, the P1dB compression point indicates for which input
power the gain of the amplifier for a desired signal drops by 1
dB. An i1deal amplifier comprises a linear behavior at 1its
output. That means that the output signal 1s 1deally propor-
tional to the mnput signal. For high input levels, however, the
constant of proportionality decreases until the output signal
level does not increase any more, even for a further increase of
an amplitude of the input signal. The signal input level at
which the output signal level differs from an expected value
by about 1 dB, compared to a linear behavior, may give the 1
dB compression point (P14B).

According to the embodiment 1n FIG. 6 the P1dB compres-
s1on point can be improved by 3.8 dBm, for an amplifier with
a Teedback path compared to an amplifier without a bypass
teedback path.

The third order intercept point I1IP3 may, for example, be
improved by 3.7 dBm for the amplifier with the modified
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biasing scheme caused by the feedback compared to an
amplifier without bypass feedback path.

A 10 dB distance between the I1IP3 and P14dB may, for
example, be achieved 11 the BJT T2 1s considered without an
external wiring. In the case of a negative feedback, e.g., an
emitter degeneration, the IIP3 may additionally depend on the
intermodulation distance IM2. Because of the negative feed-
back, the IM2 product is coupled to the input of the LNA and
heterodyned again with the mnput signal. Therefore, the IM2
product contributes to the IM3 product. The IM3 products
depend additionally on the IM2 products [11-12| and [11+12].
These IM2 products can be reduced by choosing a source
impedance, €.g., an impedance at a control terminal of the
transistor 12, which 1s small compared to the impedance of
the amplifier transistor at a frequency of [T1-12] and 111+121.
The source impedance at a frequency of [T1-12| could be
reduced by means of a matching network. As a consequence,
a high capacitance (caps) would be required, which would
increase the switching time of the amplifier. In addition the
source impedance at a frequency of [11-121, for example, for
a Irequency below a frequency-of-operation range can also be
reduced by means of a bias circuit according to embodiments
of the invention. Thus, a low switching time of the amplifier
can be achieved in some embodiments according to the inven-
tion.

An effect of the modified bias circuit according to some
embodiments of the invention 1s the fact that the impedance
for a desired frequency-of-operation range may be almost
unchanged, for example, by the bypass feedback path 18, and
that the impedance for lower frequencies, for example, with a
frequency [11-12l, for example, below the frequency-of-op-
eration range may be reduced. Therefore, the intermodulation
behavior, for example, the IIP3, can be improved without a
worsening of the noise figure or the S21-parameter of an
amplifier connected to the bias circuit.

The compression behavior may depend on the DC-bias
impedance. The smaller the DC-bias impedance, the less 1t
counteracts the mput impedance of the bias circuit and the
amplification of the low noise amplifier. Therefore, the com-
pression point 1s increased. IT a high mput level 1s applied, the
base current of the amplifier transistor, e.g., the low noise
amplifier transistor T2 1s increased. The bias circuit 10 may
supply this additional base current. As a consequence, an
additional voltage drop 1n dependence on the bias impedance
may occur, such that the voltage between the base and the
emitter VBE2 of the amplifier transistor T2 depends on the
bias impedance. The bypass feedback path may reduce such a
dependence of the bias point of the amplifier transistor T2.

The bias circuit may optionally comprise an additional
inductor, wherein the inductor may be coupled 1n series with
the second impedance element to the feedback node in order
to suppress a high frequency signal. Alternatively the inductor
may be coupled 1n series with the feedback impedance ele-
ment to the bias connection 12 or 1t may be coupled 1n series
with the parallel element, formed by the second impedance
clement and the feedback impedance element, to the bias
connection. An mductive blocking for high frequencies may
be achieved by the inductor. The imnductor may result 1n a
blocking of the noise of the bias transistor T1 at high frequen-
cies. For low frequency signals, mainly the resistors Rb1, Rb2
and R{ are effective. In order to achieve a blocking compa-
rable to the described blocking using the feedback path, an
inductive coil would be necessary comprising a reactance
higher than about 1 k€2 For that purpose an inductive coil
would require an inductance of about 100 nH at a frequency
of about 2 GHz. This kind of blocking is realized, for
example, 1n the BGA615L7 amplifier. A coi1l with an induc-
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tance of about 100 nH 1s normally not integrated on a chip,
since already a coil with an inductance of about 8 nH con-
sumes a 320x320 um area on a chip. Such high inductance
values may be realized with an external device. In contrast the
bias circuit with the feedback may be monolithically inte-
grated on a chip according to embodiments of the imnvention.

To summarize, the feedback path may eliminate the need to
introduce a blocking inductance into the bypass circuit. How-
ever, the bias circuit may optionally be supplemented with a
blocking impedance, for example, a blocking inductance.

According to embodiments of the invention, 1t 1s possible
that the mput impedance of the bias circuit for a desired
frequency-of-operation range may be almost unchanged,
compared to a bias circuit without feedback, and the nput
impedance for lower {frequencies reduced, without an
increase ol the complexity of the bias circuit. The adjusting of
the operating point of the current mirror of the bias circuit
may be performed 1n a conventional way since the relation
VBE1=VBE2 may be still valid, wherein the voltage between
the control terminal and the emitter of the transistor T1 cor-
responds to VBEL.

FIG. 7 shows the ICC current, the compression behavior
and the gain of an amplifier having a bias circuit without a
bypass feedback path in comparison to an amplifier with a
modified bias circuit, which 1s comprising a feedback path.
The mnput power 1n units of dBm 1s shown on the X-axis. On
the left Y-axis, the gain in dB 1s depicted, and on the right
Y-axis the ICC current 1n units of mA 1s depicted. FIG. 7
illustrates the effect of the feedback in the modified bias
circuit on the compression behavior of the respective (low
noise) amplifier. The P1dB compression point 1s improved by
about 3.8 dBm (AP1dB) for the bias circuit with a feedback
path compared to the bias circuit without feedback path.
Moreover the effect on the ICC current 1s 1llustrated. The ICC
current may be slightly increased for the amplifier with the
modified bias circuit.

FIGS. 8a to 84 show simulation results for bias circuitry
with different resistance values for the resistors Rb1 and Rb2
in comparison to a bias circuit with a feedback path according
to an embodiment of the mvention. The chosen resistance
value for Rb1, Rb2 and Rf are only considered as examples
without any limitation.

In FIG. 8a the real part of the mnput impedance of the bias
circuit—the resistance—is depicted. On the logarithmic
abscissa the frequency 1s shown and on the ordinate the real
part of the impedance 1n units of Ohm 1s shown. The diagram
in FIG. 8a comprises several “simulated” curves 110a, 11056
and 110c¢ representing simulation results. The curve 110a has
been simulated for a bias circuit without a bypass-coupling,
path. It was simulated for a resistor Rb1 with a resistance of
about 42 k€2 and for a resistor Rb2 with a resistance of about
3 k€2 and without the bypass-coupling path. The curve 1105
has been simulated with the same resistance values for the
resistors Rb1l and Rb2, but with the bypass-coupling path
comprising the feedback impedance element R with a resis-
tance value of about 13.3 k€2. In order to make the influence
of the resistance values for the resistors Rb1 and Rb2 clear,
different resistance values have been chosen for the simulated
curve 110c¢. For this simulation (curve 110c¢), the resistor Rb1
comprises a resistance ol about 12413€2 and the resistor Rb2
comprises a resistance of about 887¢2. The simulation of
curve 110¢ was performed for a bias circuit without the
bypass-coupling path.

The input impedance for the bias circuitry without bypass-
coupling path 1s mainly given by the resistance value of the
second impedance element Rb2, as can be seen 1n the corre-
sponding simulated curves 110a, 1105. A desired high 1nput
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impedance of the bias circuit for high frequencies may be
achieved for a bias circuit without bypass-coupling path in the
configuration described with reference to curve 110a. How-
ever, 1n this configuration the mput impedance for low ire-
quencies 1s much higher compared to the input impedance of
the simulated curves 11056, 110¢. The curve 110¢, however
comprises only a slightly increased input impedance for
higher frequencies 1n a desired frequency-of-operating range.

The simulated curve 1105 for the modified bias circuit with
a bypass-coupling path combines both, a low mput imped-
ance behavior for low frequencies and a high input impedance
behavior for high frequencies 1n a desired frequency-of-op-
cration range.

It should be mentioned here that the resistors Rb1 and Rb2
can be used to set the operating point of the current mirror of
the bias circuit. If the current ratio of the current mirror 1s N,
for example, N=14, the resistors Rb1 and Rb2 may be chosen
by the formula Rb1=N-Rb2. In this configuration, the resistor
Rb2 may serve as a high frequency block. Rb2, or the mnput
impedance of the bias circuit, should be high at the frequency-
of-operation, compared to the mput impedance of the low
noise amplifier transistor. The smaller the input impedance of
the bias circuit at the desired frequency-of-operation range,
the more high frequency (HF) mput signal may be lost,
because of the bias circuit. As a consequence, the noise figure
of the low noise amplifier may get worse. The high frequency
input signal may be the signal to be amplified, which 1s
coupled to the low noise amplifier at an input RFIN of the low
noise amplifier.

In FIG. 8a the sum of the resistance values of Rb1 and Rb2
for the curve 110c¢ gives the resistance value of the feedback
impedance element R for curve 1106 (Rb1+Rb2=13.3
k€2=R1). Taking into account that for the resistors Rb1 and
Rb2 the formula Rb1=N-Rb2 is valid, the resistance value 1s
about 887¢2 for Rb2 and about 12413€2 for Rb1. With this
prerequisite, the simulated curve 110c¢ shows a strongly
reduced mnput impedance in the high frequency region and,
hence, the noise figure (NF) and the S21-parameter, which
describes the transmission behavior from the input to the
output of the amplifier, are degraded. The noise figure for the
modified bias circuit, with a bypass-coupling path 1s not
changed for the worse. The modified bias circuit combines
the effect of a low input impedance of the bias circuit for low
frequencies, with a high input impedance of the bias circuit
for higher frequencies 1n a desired frequency-of-operation
range. Siumilar results may be achieved by choosing small
resistance values for the bias resistors (Rbl, Rb2) and an
external coil for HF blocking.

In FIG. 8b, the magmitude of the input impedance of the
bias circuitry, which are described with reference to FI1G. 5, 1s
depicted. The imaginary component represents the reactance
of the bias circuitry. In FIG. 85, the curve 111a relates, 1n
terms of the respective circuit and the resistance values of the
resistors, to the curve 1104, the curve 1115 relates to the curve
11056 and the curve 111c¢ relates to the curve 110¢. The mag-
nitude of the input impedance of the respective bias circuitry
behaves, 1n this simulations, like the respective simulated
resistance, represented by the curves 110a, 1105 and 110c.

The frequency dependence of the imaginary component of
the impedance 1s depicted 1n FIG. 8c. The imaginary compo-
nent represents the reactance of the bias circuitry. The respec-
tive curves 112a, 1126 and 112¢ correspond to the bias cir-
cuitry with the respective resistors Rbl, Rb2 and Rf{, as
described with reference to the FIG. 8a.

In FIG. 8d, a phase shift angle between the voltage and the
current 1s depicted. On the ordinate, a phase angle 1s depicted
in dependence of an 1nput frequency. The curves 113a, 1135
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and 113c¢ relate again to the corresponding bias circuitry 1n
FIG. 8a. The modified bias circuit with the bypass-coupling
path shows the highest phase shift between an applied voltage
and a current compared to the other simulated bias circuitry.

According to embodiments of the invention, a bias circuit
with the bypass-coupling path can be monolithically inte-
grated, for example, with an amplifier on one chip. Such an
amplifier may comprise an improved intermodulation behav-
1ior and an improved compression point compared to a bias
circuit without the bypass-coupling path. The amplifier, for
example, a low noise amplifier, with a desired compression
point, can be realized in current saving way. Furthermore,
some embodiments of the invention may offer the possibility
to reduce the cost of manufacture by saving an external
device, for example, an imductor, a RF-choke or at least one
pin. This may be achieved by avoiding the use of an external
inductive coil for HF blocking, which 1s sometimes employed
in conventional bias circuitry.

According to embodiments of the mnvention, an improve-
ment for the usage of integrated low noise amplifiers can be
achieved with circuit technology measures. In some embodi-
ments, the bypass-coupling path may result in a feedback
path, so that the compression behavior and the mntermodula-
tion behavior of an amplifier, which i1s connected to the bias
circuit, 1s improved. Such a low noise amplifier may be real-
1zed as a common emitter circuit or cascode circuit with a
current mirror bias circuit with a feedback path.

Typical applications for a bias circuit according to embodi-
ments of the invention are global positioning systems (GPS)
applications, mobile phone and wireless applications, as well
as applications 1n the automotive field.

In some embodiments of the invention, the bias circuit may
comprise a bias potential regulation loop. The bias potential
regulation loop comprises a current mirror transistor and an
impedance element. The bias potential regulation loop may
comprise a feedback path between the bias connection and
the feedback node, via a bypass-coupling path. The bias
potential regulation loop may be configured to regulate a
potential at a feedback node of the bias circuit. The feedback
node of the bias circuit may be coupled to a control terminal
of the current mirror transistor via and the impedance ele-
ment.

According to other embodiments of the invention, the bias
circuit comprises a bypass-coupling path, which extends
from the bias connection of the bias circuit to the control
terminal of the current mirror transistor. The bypass-coupling
path may bypass the impedance element. The bias signal,
which 1s provided from the bias circuit at the bias connection
of the bias circuit, may depend on the potential at the feedback
node.

In another embodiment of the invention, the bias potential
regulation loop 1s configured to reduce an input impedance of
the bias circuit, viewed from the bias connection, with a
frequency lower than the desired frequency-of-operation
range, significantly more than for an input signal with a
frequency 1n a desired frequency-of-operation range.

The desired frequency-of-operation range may be the
operation frequency of an amplifier. The desired frequency-
of-operation range may be the frequency range for an ampli-
fication of an amplifier, ¢.g., the amplification range of a
LNA. It 1s also possible that the desired frequency-of-opera-
tion range corresponds to the frequency range for a linear
amplification of an input signal by an amplifier. In some
embodiments of the invention the desired frequency-of-op-
eration range may be between about 1 MHz and about 10
GHz, for example, at about 2 GHz. In other embodiments the
desired frequency-of-operation range may be different.
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Embodiments of the mvention comprise an amplifier,
which 1s comprising an amplifying unit with an input terminal
to receive a signal to be amplified and a bias signal. The signal
to be amplified may be a high frequency signal or a radio
frequency signal, which 1s coupled to the input terminal of the
amplifier. Furthermore, the amplifier comprises an output to
provide an output signal of the amplifying unit. The output
signal 1s based on the signal to be amplified, which is received
at the input of the amplifier. The output signal may be ampli-
fied compared to the mput signal. Furthermore, the amplifier
comprises a bias circuit for providing a biasing signal at the
input of the amplifying unait. In other words the amplification
of the input signal may also depend on the bias signal from the
bias circuit. In embodiments of the invention, the bias circuit
may furthermore comprise a bias transistor and a feedback
node, wherein the feedback node 1s coupled to a control
terminal of the bias transistor via a first impedance element.
The first impedance element may be a resistor. The feedback
node 1s furthermore coupled to the input of the amplifying
unit via a second impedance element. The second impedance
clement can also be a resistor. The control terminal of the bias
transistor can be coupled to the bias connection via a bypass-
coupling path, which bypasses the first impedance element
and the second impedance element, such that there 1s a feed-
back path via the bypass-coupling path and via the bias tran-
sistor from the bias connection to the feedback node. The
bypass-coupling path may comprise a feedback impedance
clement, which may be a resistor.

According to an embodiment of this invention, such an
amplifier described therein can be monolithically integrated
on one chip, for example, on a silicon chip or another semi-
conductor chip. According to a further embodiment of the
invention, an amplifier described therein can comprise a feed-
back node, wherein the feedback 1s connected to a terminal of
a conductive controllable path of the support transistor. The
control terminal of the support transistor may be coupled to a
terminal of a controllable conductive path of the bias transis-
tor of the bias circuit. The support transistor may be config-
ured to contribute to a coupling between the bias connection
and the feedback node. The amplifier described above may
turthermore comprise a capacitive element coupled 1n paral-
lel to the controllable conductive path of the bias transistor of
the bias circuit. Due to this, the feedback path between the
bias connection and the feedback node may obtain a low pass
characteristic, such that a boundary frequency for reducing
the input impedance of the bias circuit below a desired oper-
ating frequency 1s given. The capacitive element can be 1nte-
grated as an additional device 1n the bias circuit or it can be an
intrinsic capacitance formed between the control terminal of
the bias transistor and one of 1ts two terminals of the control-
lable conductive path.

According to some embodiments of the invention, it 1s
possible to reduce a voltage drop of an 1put signal to be
amplified at the first impedance element and at a second
impedance element by a feedback 1n the feedback path of the
bias circuit. As a consequence, a voltage between the control
terminal of the amplifier transistor of the amplifying unit and
a terminal of the controllable conductive path of the amplifier
transistor may be stabilized by the feedback.

FIG. 9 shows a flow chart of the method for providing a
biasing signal at a bias connection of a bias circuit, compris-
ing a bias transistor and a feedback node. In this embodiment
the method comprises a coupling 120 of a feedback signal
from the feedback node of the bias circuit via a first imped-
ance element to a control terminal of the bias transistor.
Moreover the method comprises a coupling 130 of the feed-
back signal from the feedback node via a second impedance
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clement to the bias connection and a bypassing 140 the first
and the second impedance element, by coupling the control
terminal of the bias transistor to the bias connection via a
bypass-coupling path so that a bypass feedback path 1s
formed from the bias connection to the feedback node.

Bypassing 140 the first impedance element and the second
impedance element via a bypass-coupling path so that a feed-
back path 1s formed, can be performed, such that for a given
frequency below a desired frequency-of-operation range, a
voltage signal at the feedback node, which may be caused by
a voltage signal at the bias connection of the bias circuit, 1s
opposite 1 phase to the voltage signal at the bias connection.

According to other embodiments of the method for provid-
ing a biasing signal at a bias connection to a bias circuit,
bypassing 140 may be performed so that high frequency
signals above a boundary frequency are suppressed by a low
pass filter, which 1s formed by the bias transistor and a parallel
coupled capacitive element.

In another embodiment of the invention, the method further
comprises a providing of the bias signal to an amplifying unit
in order to bias the amplifying unit. The providing of the
biasing signal to an amplifying unit can be performed 1n such
a way that an operation point of the amplifying unit 1s stabi-
lized. The bypassing of the first and the second impedance
clement can be performed also 1n such a way that the operat-
ing point of the amplifying unit 1s stabilized.

While this invention has been described in terms of several
embodiments, there are alterations, permutations, and
equivalents which fall within the scope of this mvention. It
should be noted that there are many alternative ways of imple-
menting the bias circuit and amplifier of the invention and of
performing the method. It 1s therefore mtended that the fol-
lowing appended claims be interpreted as including all such
alterations, permutations and equivalents as fall within the
true spirit and scope of the invention.

What 1s claimed 1s:

1. A bias circuit for providing a biasing signal at a bias
connection, the bias circuit comprising:

a bias transistor; and
a feedback node;

wherein the feedback node 1s coupled to a control terminal
of the bias transistor via a first impedance element;

wherein the feedback node 1s coupled to the bias connec-
tion via a second impedance element; and

wherein the control terminal of the bias transistor is

coupled to the bias connection via a bypass-coupling
path, bypassing the first impedance element and the
second impedance element, such that there 1s a feedback
path, via the bypass-coupling path and via the bias tran-
sistor, from the bias connection to the feedback node.

2. The bias circuit according to claim 1, wherein the
bypass-coupling path comprises a feedback impedance ele-
ment, and wherein the bypass-coupling path 1s configured
such that a coupling via the feedback path 1s stronger for alow
frequency signal than for a high frequency signal.

3. The bias circuit according to claim 1, wherein the feed-
back path 1s configured such that an mput impedance of the
bias circuit, viewed from the bias connection, 1s at least by a
factor of two higher at a desired frequency-of-operation range
than 1n a frequency range lower than the desired frequency-
of-operation range.

4. The bias circuit according to claim 3, wherein the bias
circuit 1s configured such that the mput impedance differs
from an impedance value of the second impedance element
by less than 30% at the desired frequency-of-operation range,
and such that the input impedance 1s at least 50% lower than
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the impedance value of the second impedance element, at a
frequency range lower than the desired frequency-of-opera-
tion range.

5. The bias circuit according to claim 1, wherein the
bypass-coupling path comprises a feedback impedance ele-
ment and wherein the impedance value of the feedback
impedance element coupled between the bias connection and
a control terminal of the bias transistor 1s at least two times
higher than the impedance value of the second impedance
clement.

6. The bias circuit according to claim 1, wherein an 1imped-
ance value of the first impedance element 1s at least 1.5 times
higher than an impedance value of the second impedance
clement.

7. The bias circuit according to claim 1, wherein the control
terminal of the bias transistor 1s coupled to the bias connec-
tion via the bypass-coupling path, such that, for a given fre-
quency below a desired frequency-of-operation range a volt-
age signal at the feedback node, which 1s caused by a voltage
signal at the bias connection, 1s opposite 1n phase to the
voltage signal at the bias connection.

8. The bias circuit according to claim 1, wherein the bias
circuit comprises a support transistor;

wherein the feedback node 1s connected to a terminal of a
controllable conductive path of the support transistor;

wherein a control terminal of the support transistor 1s con-
nected with a terminal of a controllable conductive path
of the bias transistor; and

wherein the support transistor 1s configured to contribute to
a coupling between the bias connection and the feedback
node.

9. The bias circuit according to claim 1, wherein the bias
connection 1s coupled to an mput of an amplifying unit, to
provide the bias signal to the amplifying unit, 1n order to bias
the amplifying unit; and

wherein the amplifying unit 1s configured to provide an

amplified output signal based on an input signal.

10. The bias circuit according to claim 1, wherein the bias
circuit comprises a capacitive element coupled in parallel to a
controllable conductive path of the bias transistor, to obtain a
low pass characteristic of the feedback path 1n order to set a
boundary frequency for reducing the input impedance of the
bias circuit below a desired frequency-of operation range.

11. The bias circuit according to claim 1, wherein the
teedback path of the bias circuit comprises a low pass filter,
configured to determine a boundary frequency for reducing
the mput impedance of the bias circuit below a desired fre-
quency-ol-operation range.

12. The bias circuit according to claim 1, wherein the bias
circuit 1s configured to provide, 1n a frequency dependent
way, a reduction of an effective impedance of the second
impedance element, when compared to an actual impedance
of the second impedance element.

13. The bias circuit according to claim 1, wherein the bias
circuit 1s configured to provide, 1n a frequency selective way,
a negative feedback signal to the feedback node 1n response to
a signal at the bias connection, to reduce an effective imped-
ance of the second impedance element for a given frequency
range.

14. The bias circuit according to claim 1, wherein the bias
circuit 1s configured to regulate a potential at the feedback
node 1n dependence on a current provided by a current source,
such that at least 90% of the current provided by a current
source tlow through the controllable conductive path of the
bias transistor.
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15. The bias circuit according to claim 1, wherein the bias
circuit 1s configured to form 1n combination with a transistor
coupled to the bias connection, a current mirror.

16. A bias circuit for providing a bias signal at a bias
connection, the bias circuit comprising:

a bias potential regulation loop comprising a current mirror
transistor and an impedance element,

wherein the bias potential regulation loop 1s configured to
regulate a potential at a feedback node 1n response to a
reference current, and

wherein the feedback node 1s coupled to a control terminal
of the current mirror transistor via the impedance ele-
ment:; and

a bypass-coupling path, extending from the bias connec-
tion to the control terminal of the current mirror transis-
tor, bypassing the impedance element and the feedback
node; and

wherein the bias signal 1s dependent on the potential at the
feedback node.

17. The bias circuit according to claim 16, wherein the bias
circuit 1s configured such that there 1s a coupling between the
bias connection and the feedback node via the bypass-cou-
pling path and via the current mirror transistor, and wherein
the coupling between the bias connection and the feedback
node 1s such that a voltage increase at the bias connection
elfects a voltage decrease at the feedback node; and

wherein the bias potential regulation loop 1s configured to
reduce an mmput impedance of the bias circuit, viewed
from the bias connection, with a frequency lower than a
desired frequency-of-operation range significantly more
than for an 1nput signal with a frequency 1n the desired
frequency-of-operation range.

18. An amplifier comprising;:
an amplifying unit comprising an input to recerve a signal
to be amplified and a biasing signal, and an output to

provide an output signal of the amplifying unit, based on
the signal to be amplified; and

a bias circuit for providing the biasing signal at the input of
the amplifying unit;
wherein the bias circuit comprises a bias transistor and a

feedback node;

wherein the feedback node 1s coupled to a control terminal
of the bias transistor via a first impedance element;

wherein the feedback node 1s coupled to the mput of the
amplifying unit via a second impedance element;

wherein the control terminal of the bias transistor 1s
coupled to the input of the amplifying unit via a bypass-
coupling path, bypassing the first impedance element
and the second impedance element, such that there 1s a
teedback path via the bypass-coupling path and via the
bias transistor, from the input of the amplifying unit to

the feedback node, and

wherein the bypass-coupling path comprises a feedback
impedance element.

19. The amplifier according to claim 18, wherein the bias
circuit comprises a support transistor,

wherein the feedback node 1s connected to a terminal of a
controllable conductive path of the support transistor,

wherein a control terminal of the support transistor 1s con-
nected with a terminal of a controllable conductive path
of the bias transistor; and

wherein the support transistor 1s configured to contribute to
a coupling between the bias connection and the feedback
node.
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20. The amplifier according to claim 18, wherein the ampli-
fying unit comprises an amplifier transistor,

wherein the mput of the amplifying unit 1s formed by a
control terminal of the amplifier transistor; and

wherein the control terminal of the amplifier transistor 1s
coupled to the bias transistor, such that the bias transistor
and the amplifier transistor form a current mirror.

21. The amplifier according to claim 18, wherein the bias
circuit 1s configured to bias the amplifier transistor, such that
an operation point of the amplifier transistor 1s given; and

wherein the bias circuit 1s configured to stabilize the oper-
ating point of the amplifier transistor by a feedback in the
feedback path of the bias circuit.

22. The amplifier according to claim 21, wherein the bias

circuit 1s configured to reduce a DC bias impedance of the
bias circuit viewed from the bias connection by the feedback

in the feedback path of the bias circuit, so that a compression
point of the amplifier transistor 1s increased.

23. The amplifier according to claim 20, wherein the bias
circuit 1s configured to stabilize a voltage between the control
terminal of the amplifier transistor and a terminal of the

controllable conductive path of the amplifier transistor using
the bypass-coupling path.

24. An amplifier for providing an output signal based on an
input signal, the amplifier comprising:
an amplifier transistor, wherein the control terminal of the
amplifier transistor 1s coupled to a signal mput for a
signal to be amplified,

wherein a first terminal of a controllable conductive path of

the amplifier transistor 1s coupled to a reference poten-
tial feed,

wherein a second terminal of the controllable conductive

path of the amplifier transistor 1s coupled, via an output
circuit, to an output signal terminal for the output signal;

a bias circuit for providing a biasing signal at the control
terminal of the amplifier transistor, wherein the bias
circuit comprises a bias transistor and a feedback node;

wherein the feedback node 1s coupled to a control terminal
of the bias transistor via a first impedance element;

wherein the feedback node 1s coupled to the control termi-
nal of the amplifier transistor via a second impedance
element;

wherein the control terminal of the bias transistor i1s
coupled to the control terminal of the amplifier transistor
via a bypass-coupling path, bypassing the first imped-
ance element and the second impedance element, such
that there 1s a feedback path, via the bypass-coupling
path and via the bias transistor, from the control terminal
of the amplifier transistor to the feedback node;

wherein a first terminal of the controllable conductive path
of the bias transistor 1s coupled to a control terminal of a
support transistor, and wherein a second terminal of
controllable conductive path of the bias transistor 1s
connected to the reference potential feed;

wherein a capacitive element 1s coupled 1n parallel between
the first terminal and the second terminal of the bias

transistor;

wherein a controllable conductive path of the support tran-
sistor 1s coupled between the supply potential feed and

the feedback node; and

wherein a current source 1s connected to the supply poten-
tial feed and to a node via which the control terminal of

the support transistor and a first terminal of the control-
lable conductive path of the bias transistor are con-
nected.
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25. A method for providing a biasing signal at a bias con-
nection of a bias circuit, comprising a bias transistor, a feed-
back node, the method comprising:

coupling a feedback signal from the feedback node of the

bias circuit via a first impedance element to a control
terminal of the bias transistor:;

coupling the feedback signal from the feedback node via a

second impedance element to the bias connection; and

5
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bypassing the first and the second impedance element, by
coupling the control terminal of the bias transistor to the
bias connection via a bypass-coupling path so that a

bypass feedback path 1s formed from the bias connection
to the feedback node.
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